Abstract-In this study, we examined if humans adapt their performance to delays in robot's actions in a leader-follower interaction scenario. Participants were asked to "teach" a sequence of musical tones to the iCub robot. The robot repeated the sequence with decreasing delay between its own taps and taps performed by the participants. We observed that mean period of participants' tapping behavior was affected by the iCub's performance. This suggests that humans are sensitive to subtle parameters in robot's behavior and they adapt to them in leaderfollower contexts.
I. INTRODUCTION
Effective human-robot interactions (HRI) rely on the possibility of humans to socially attune to artificial agents [1] . When humans act in social contexts, the presence of another agent influences their performance at the sensorimotor level [2, 3] . Several studies showed that during leader-follower joint task, as teaching a task to a pupil, humans adapt their action programs and execution to their follower [e.g. 4, 5] . Studies investigating how pedagogical contexts affect action programming showed systematic modulation of kinematics parameters. For instance, parents modulate the kinematics of their actions to highlight the significance of particular action elements and to communicate knowledge of the structure of actions to their infants [6] . The majority of the studies that investigated leader-follower tasks in HRI focused on how (and if) a robot learns from sensorimotor patterns of the human behaviour [e.g., 7, 8] . However, sensorimotor adaptation during joint task is a bidirectional phenomenon based on sensorimotor contingencies. For example, when we teach to a child how to bounce a ball, we start showing a simple and slow movement. As soon as we detect an improvement in pupil's performance, we increase firstly the speed and then the complexity of our demonstration. The present study aimed at investigating if humans adapt to robots' sensorimotor improvements during a leader-follower task. To this end, we designed a task in which participants (leaders) were required to teach iCub (follower) to play a simple melody consisting of 6 tones. During the task, we systematically decreased the delay between iCub taps and those of the human teacher.
II. MATERIALS AND METHOD

A. Participants
Seven healthy adults (mean age = 29.6 ± 3.8; 2 Males; 2 lefthanded) took part in the study. The study was approved by the local ethical committee (Comitato Etico Regione Liguria).
B. Experimental setup, stimuli and apparatus
Our study was implemented in a multi-modal human-robot interactive scenario, where the participant and the robot interacted with a vertical touch screen by producing a set of periodic audio sequences. The experimental setup consisted of a PC controlling the stimuli and responses, an iCub humanoid robot [9, 10] , and a touchscreen. The multi-touch screen is 49 inches large (1099.4 x 634.0 x 36.8 mm), able to detect up to 32 touches, with a maximum resolution of 3840 x 2160 (4K UHD) and refresh rate up to 60Hz. The height of the touchscreen has been selected based on the iCub's arm position. The pointing gestures of the iCub robot were pre-defined movements achieved using joints positions as desirable targets in input to a direct position control algorithm. The default trajectory time of the robot's movements was 350 ms. Accordingly, we empirically found the value of the sound duration of a single note (450 ms), which represents also the minimum period achievable of the audio sequence.
C. Procedure
Participants were presented with a music pad consisting of six different colored dots (diameter of each dot: 5 cm) positioned on the vertices of a hexagon, to be all equidistant from the center (see Fig. 1 ). Each dot corresponded to a specific tone. iCub was positioned side by side of a participant, with its own pad consisting also of six colored dots. Participants were instructed to play a predefined melody of six different tones by touching on individual dots sequentially. They were all instructed to play the same melody, trying to keep a constant rhythm by tapping the dots in a circular way. In the training phase, participants played the melody until they performed ten repetitions of the sequence in a row. In the experimental phase, participants were instructed to teach the melody to iCub. Thus, while they were playing the sequence, iCub performed the same task as a follower. At the beginning of each trial the pad was presented as inactive (i.e. all the dots were inactive) with a central white dot. In order to start the trial, participants had to press the central dot and then, after releasing, all the dots of the pad were active and the participant could start playing the melody. 978-1-5386-8555-6/19/$31.00 ©2019 IEEEafter four repetitions of the melody, i.e. after twenty-four button presses taps (6 tones x 4 repetitions) in the correct order. If a participant made a mistake, the trial was aborted. In total, participants performed 28 trials. Across trials we manipulated the average delay of iCub's performance (delay condition) in tapping the respective dots (corresponding to those tapped by the human) on its own pad. In the first 8 trials, iCub performed with a delay of 650 ms. Then, in the 8 subsequent trials iCub's performance was delayed by 550 ms. In the last 12 trials iCub tapped on each dot with a delay of 450 ms. These delays represent the iCub's response time for tapping a single dot, that is, the time between the touches of the participant and the touches of iCub detected from the touchscreen for the respective dot on iCub's side. The delays have been selected considering the trajectory time of iCub movements which is 350 ms and a safety range of 100 ms due to the variability of the position controller. iCub reacted merely by repeating participant's actions. Once a dot selection is detected, the task controller sends a request to the robot for tapping the same dot. In this phase of the experiment, we decided not to add self-generated mistakes in the performance of the robot. Participants were not informed about how iCub's performance was programmed. For each trial we collected the following dependent measures: average period of the touch behaviour and its variance. We estimated the period as the mean of all the time differences between two consecutive taps of the participant. Moreover, in each trial we estimated the phase as the amount of time between the release of the central white dot and the touch on the first dot of the sequence.
III. RESULTS
Means of average period performance, period variance, and trial phase were submitted to a repeated-measures analysis of variance (ANOVA) with delay Condition (650 ms, 550 ms, 450 ms) as within-subjects factor. When necessary, comparisons were performed using paired-samples t-tests. The analysis revealed a significant effect of delay condition on period performance, F (1, 6) = 3.99, p < 0.047, η p 2 = 0.40. Paired sample t-test showed that participants' average period performance was lower when iCub performed the task with a shorter delay (i.e. 450 ms) compared to when it acted with 650 ms delay, t (6) = 2.48, p = 0.048, d'= 0.92. No other comparison was significant (all ps > 0.13), see Fig. 2 . Neither period variance nor trial phase (all Fs < 1) were affected by the delay manipulation.
IV. CONCLUSIONS
In this study we investigated if humans are able to detect and adapt to changes in iCub's sensorimotor contingencies. To this end, we designed a leader-follower task in which participants (leaders) were required to teach iCub (follower) to play a melody. During the task, we systematically manipulated the delay in sensorimotor contingency of iCub performance. Results showed that participants adapted their own actions to iCub's performance, thereby showing sensitivity to iCub's performance improvements. Future studies might include explicit measures to assess if the improvements in performance of the artificial agent affect how it is perceived socially. Our results highlight the bidirectional nature of human-robot adaptation during joint tasks, showing that when humans interacts with a follower humanoid, they socially attune with the artificial agent at the sensorimotor level. Such a results underlie the importance of focusing on the "h" (human) side of HRI. If we imagine a robot interacting with a human in a work place, it appears crucial that robot's behavior should be designed so that it does not affect human's performance in a detrimental manner. For example, if the robot is to slow in performing its own task, the human coagent might be also affected, resulting into a slowing down of the entire process.
